The objective of this work was to estimate the accuracy of mesothelin as a biomarker for ovarian cancer. A quantitative systematic review was performed. A comprehensive search of the Medline, LILACS, SCOPUS, Embase, Cochrane Central Register of Controlled Trials, Biomed Central, and ISI Web of Science databases was conducted from January 1990 to June 2015. For inclusion in this systematic review, the papers must have measured mesothelin levels in at least two histological diagnoses; ovarian cancer (borderline or ovarian tumor) vs. benign or normal ovarian tissue. For each study, 2 x 2 contingency tables were constructed. We calculated the sensitivity, specificity and diagnostic odds ratio. The verification bias was performed according to QUADAS-2. Statistical analysis was performed with the software Stata 11, Meta-DiSc® and RevMan 5.2. Twelve studies were analyzed, which included 1,561 women. The pooled sensitivity was 0.62 (CI 95% 0.58 -0.66) and specificity was 0.94 (CI 95% 0.92 -0.95). The DOR was 38.92 ). Our systematic review shows that mesothelin cannot serve alone as a biomarker for the detection of ovarian cancer.
INTRODUCTION
Despite the development of new treatments and therapies, designed to improve the five-year survival rate, ovarian cancer still remains the most fatal cancer of the female reproductive tract (Jemal et al. 2009 ). In 2013, approximately 22,240 women in the United States were diagnosed with invasive epithelial ovarian cancer (EOC) and an estimated 14,000 women with EOC died (Siege et al. 2013) . Malignant surface epithelial tumors (carcinomas) are the most common ovarian cancer, accounting for 90% of cases, and have the highest case-fatality among gynecological malignancies (Kobel et al. 2008) .
Considerable effort is underway to identify screening strategies that accurately diagnose ovarian cancer in its early stages, when it is most treatable (Abdel-Azeez et al. 2010) . Biomarkers 2 KRISTIAN MADEIRA et al. that can be measured in blood products are of particular interest for their potential to provide a low-cost, noninvasive screening modality suitable for use in large populations.
There is a need to improve the diagnosis and prognosis of ovarian carcinoma. Mesothelin is a novel biomarker, which are expressed in serous ovarian carcinoma and can be measured in serum and other body fluids, including urine, by using ELISA. Mesothelin is an antigen present in normal mesothelium, mesotheliomas, ovarian carcinomas, and some squamous cell carcinomas (Chang and Pastan 1996) . Mesothelin (MSLN) is a 40-kDa glycosylphosphatidyl inositol (GPI)-linked protein that is normally present on the mesothelial cells lining the peritoneum. MSLN is overexpressed in ovarian cancer tissues with a poor clinical outcome (Huang et al. 2006 ). Mesothelin expression is increased in ovarian cancer tissues and a soluble form is detectable in blood. Elevated serum levels of mesothelin are detectable in 40-67% of patients with ovarian cancer (Hassan et al. 2006) .
The diagnosis of ovarian neoplasms is a common problem in clinical practice. Although the majority of adnexal masses are benign, the main objective of diagnostic evaluation is to exclude or confirm the diagnosis of malignancy. We performed a systematic review and meta-analysis to verify the accuracy of mesothelinasa predictor of ovarian cancer.
MATERIALS AND METHODS
All of the methods for analysis, inclusion/exclusion criteria, data extraction and quality assessment were specified in advance. We performed a systematic review according to a prospective protocol using PRISMA-statement guidelines (Liberati et al. 2009 We used the following terms, both as text words and as appropriate; Medical Subjects Heading (MeSH) or equivalent subject heading/thesaurus terms: "ovarian tumor" OR "ovarian cancer". These aforementioned terms were combined with "mesothelin". The search had no language restrictions. The references list all available primary studies that were reviewed to identify additional relevant citations. A copy of the complete search strategy is available on request.
The abstracts/titles identified from the search, were screened by two reviewers (K.M. and M.I.R.). Disagreements about the inclusion or exclusion of studies were initially resolved by consensus, and if consensus was not possible, disagreements were arbitrarily resolved by a third reviewer (B.F.F.).
We included case-control and cohort studies, prospective or retrospective, that evaluated women with ovarian tumors (benign or malignant), measured serum mesothelin levels and performed surgery to conduct histopathological analysis.
Index test -The diagnostic test consisted of the serum mesothelin analysis (concentration nmol/l).
Reference standard -The diagnostic reference was the result of the histological analysis of standard paraffin-embedded sections. For inclusion in this systematic review, the papers must have measured mesothelin levels in at least two histological diagnoses; ovarian cancer (borderline or ovarian cancer) vs. benign or normal ovarian tissue. Thus, the primary outcome analyzed was the mesothelin levels (borderline or ovarian cancer vs. benign lesions or normal tissues). The reviewed studies were independently identified by two investigators (M.I.R. and K.M.). The final inclusion or exclusion of a study was made with a standard checklist. Disagreements about a study's inclusion or exclusion were resolved by consensus, and when this procedure was not possible, the decision relied on a third reviewer (L.R.M.).
We extracted data in duplicate (M.I.R. and K.M.) including the number and characteristics of patients and the healthcare setting. Data were abstracted as 2 x 2 tables regarding the mesothelin levels and the histologic diagnosis (ovarian cancer vs. benign lesions or normal tissues).
All articles meeting the eligibility criteria were assessed for methodological quality. Quality was assessed with the Diagnostic Accuracy Studies tool recommended by the Cochrane Collaboration, the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2). This tool comprises four domains: patient selection, index test, reference standard, and flow and timing. Each domain is assessed in terms of the risk of bias, and the first three domains are also assessed in terms of concerns regarding applicability. Signaling questions are included to help judge the risk of bias (Hassan et al. 2006 ). The quality assessment of the studies was independently performed by B.R.S. and K.M. Any disagreement was resolved by consensus.
StatiStical analySiS
For each study, 2 x 2 contingency tables were constructed in which all cases were classified as ovarian cancer or benign lesions. We calculated the true-positive rate (TPR; sensitivity), specificity, and false-positive rate (FPR; 1 -specificity) (Liberati et al. 2009 ). When 2 x 2 tables had a cell with a value of 0, the calculations were corrected with the addition of 0.5 in the cell, and when a study contained two cells with the value of 0, it was excluded from the analysis (Whiting 2011). Bivariate analysis was used to calculate the pooled estimates of sensitivity, specificity, and likelihood ratios (LRs) along with 95% confidence intervals (CIs) for the summary estimates (Altman 1999). The bivariate model preserves the 2-dimensional nature of the diagnostic data by analyzing the logittransformed sensitivity and specificity of each study in a single model and considers both withinstudy and between-study variability, in contrast to the Littenberg and Moses method, which departs from a fixed effects model (Reitsma et al. 2005) . To detect the cut-off threshold effects, the relationship between sensitivity and specificity was evaluated using the Spearman correlation coefficient. Pooled estimates were calculated only for studies showing sufficient clinical and statistical homogeneity. I 2 or Q tests (commonly used in meta-analysis) are not recommended for assessing statistical homogeneity in diagnostic reviews because they do not consider the association between sensitivity and specificity (Gatsonic 2006). The prevalence was calculated according to the following equation: (TP + FN)/ (total number of patients studied) extracted from contingency tables. The diagnostic odds ratio (DOR) can relate to different combinations of sensitivity and specificity. The DOR describes the odds of positive test results in participants with disease compared with the odds of positive test results in those without disease. A single diagnostic odds ratio corresponds to a set of sensitivities and specificities depicted by the SROC. It may change according to the threshold and to the ROC curve used to define an abnormal examination, resulting in an expected trade-off between sensitivity and specificity. A summary receiver operating characteristic curve was generated using data from all thresholds, using the Littenberg and Moses method (Reitsma 2005) . Additionally, the area under the curve (AUC) summarizes the inherent capacity of a test to discriminate a diseased from a non-diseased subject. Accurate tests usually have AUCs close to 1, and poor tests usually have AUCs close to 0.5 (Deeks et al. 2005) . Sensitivity analyses were performed to assess the excluded studies with a high risk of verification bias according to QUADAS-2. To analyze publication bias, inverted funnel plots of the logarithmic odds ratio (OR) of the individual studies were plotted against sample size (Irwig et al. 
RESULTS
The search identified a total of 111 citations, of which 52 were potentially relevant after initial evaluation. From these studies, 40 full articles were excluded. Twelve primary studies (Hassan et al. 2006 , Abdel-Azeez et al. 2010 , Bandiera et al. 2013 , Ho et al. 2005 , Ibrahim et al. 2014 , McIntosh et al. 2004 , Moraes 2012 , Qiao and Li 2013 , Scholler et al. 1999 , Shah et al. 2009 , Wu et al. 2014 involving 1561 women met the criteria for inclusion and were analyzed (Figure 1 ).
The main characteristics of the selected studies are shown in Table I . Retrospective and prospective studies were included for a total of 1561 women; the prevalence of ovarian cancer was 42.09% (range 15.22% to 77.78%) and included a total of 406 ovarian cancer cases.
Nine studies (Hassan et al. 2006 , Abdel-Azeez et al. 2010 , Bandiera et al. 2013 , Ho et al. 2005 , Ibrahim et al. 2014 , McIntosh et al. 2004 , Moraes 2012 , Qiao and Li 2013 , Wu et al. 2014 ) were prospective, and three studies (Scholler et al. 1999 , Shah et al. 2009 ) fulfilled all QUADAS-2 criteria. In two studies (Bandiera et al. 2013 , Scholler et al. 1999 , there was unclear risk of bias in patient selection, and two studies (Moraes 2012 , Scholler et al. 2008 ) showed a high risk of bias in patient selection. One study (McIntosh et al. 2004) showed high risk of bias in the index test and flow and timing. Three studies (McIntosh et al. 2004 , Moraes 2012 , Scholler et al. 2008 ) were classified as having a high risk of bias. The results of the quality assessment were presented in Figure 2 for the 12 included studies.
The robustness of the results was tested by repeating the analysis using a different statistical model (random effects model). Pooling sensitivity, specificity, and the DOR from the three studies with high risk of bias did not alter the accuracy rate of the analysis with all twelve studies. The area under the curve (SROC) and the statistic Q* also preserved its magnitude. Therefore, all 12 studies selected were included in the meta-analysis.
Mesothelin had a pooled sensitivity of 0.62 (CI 95% 0.58-0.66) for the detection of malignant ovarian tumors. The estimates for heterogeneity were highly consistent across studies: for normal or benign lesions vs. malignant lesions (QT = 182, p = 0.0001; inconsistency I 2 = 94%).
In general, specificity was higher for normal or benign lesions vs. malignant ovarian tumors, with a pooled specificity of 0.94 (CI 95% 0.92-0.95). The estimates for heterogeneity were highly consistent across studies: QT = 52.4 p = 0.0001, inconsistency I 2 = 79% (Figure 3 ). We performed a meta-regression analysis to investigate heterogeneity. The meta-regression analysis indicated no association between the mean age, cut-off, type of study with outcome (Table II) . 
The Diagnostic odds ratio (DOR) between malignant ovarian cancer and benign lesions

DISCUSSION
Our study showed a high specificity and low sensitivity for mesothelin in the diagnosis of ovarian cancer. There has been immense effort over the last few years to identify more promising biomarkers. The mesothelin screening test could be an important screening test for ovarian cancer. It may be possible to improve the sensitivity of this test in combination with another biomarker, especially in the early stages of disease, because when mesothelin is negative, there is a high probability of nonmalignancy.
Previously, a panel of biomarkers was examined, and it was found that the dual marker combination of HE4 and CA 125 produced the highest sensitivity of the various tumor marker combinations and increased the sensitivity of CA 125 alone (Moore et al. 2008) An algorithm utilizing HE4 and CA 125 successfully classified patients into highand low-risk groups (Moore et al. 2009 ).
On the other hand, in our study, although the pool of test sensitivity was relatively low, the chance of finding cancer in women with increased levels of mesothelin was 38.92 times as high as in women with normal levels. Each variable was analysed separately in a meta regression model (lnOR). Coef(B) represents the regression coefficient of each linear regression representing the slope of each model. 95% IC is the confidence interval of the beta coefficient values.
Human mesothelin is produced as a 69 kDa polypeptide with a hydrophobic sequence at the carboxyl end that is removed and replaced by phosphatidylinositol. This glycosyl-phosphatidylinositol linkage anchors mesothelin to the cell membrane (Chang and Pastan 1996, Hassan et al. 2006 ) MSLN is hypothesized to be involved in cell adhesion and signaling (Chang and Pastan 1996) and to contribute to the metastasis of ovarian cancer to the peritoneum by binding CA 125 (Rump 2004 , Gubbels et al. 2006 . CA 125 is the most widely used serum biomarker among patients with ovarian cancer. Its utility as a marker for the detection of recurrent disease is well established. A metaanalysis, which included 2374 women, revealed that for CA 125 levels, the pooled sensitivity for the diagnosis of borderline tumors or ovarian cancer was 0.80 (CI 95% 0.76-0.82) and the specificity was 0.75 (CI 95% 0.73-0.77) (Medeiros et al. 2009 ).
The biological functions of mesothelin remain largely unknown, as mesothelin knockout mice do not show a detectable phenotype (Bera and Pastan 2000) . It has been suggested that mesothelin plays a role in tumor adhesion and metastasis based on evidence that it can bind to MUC16 (also known as CA 125), which is highly glycosylated, to mediate heterotypic cell adhesion (Imashimizu et al. 2011) .
It has been reported that blood mesothelin levels are useful for the early detection of mesothelioma and postoperative monitoring for its recurrence (Huang et al. 2006 ). Moreover, 12% of patients had elevated serum mesothelin levels, suggesting the potential of mesothelin as an early detection biomarker. A study found that mesothelin and CA 125 as combined biomarkers provided greater sensitivity for the early diagnosis of ovarian cancer (McIntosh et al. 2004) .
Recent meta-analisys found that the diagnostic accuracy of HE4 in ovarian cancer is better than that of soluble mesothelin-related protein: Our study demonstrated a pooled sensitivity of 62% and specificity of 0.94%. The concept of specificity is the proportion negative test results among the "healthy", which formula is TN/(TN + FP). This means that this test have negative results in 94% of patients without disease (ovarian cancer) and positive results in 10% of patients without disease (false-positive). A test with high specificity is useful for confirming a diagnosis because have few results that are falsely positive.
It is important to note that a possible limita tion of this systematic review was the high heterogeneity found between studies because it is from observational studies with populations, study designs and different cut-off points. Heterogeneity is to be expected in meta-analyses of diagnostic test accuracy. In test accuracy reviews large differences are commonly noted between studies, indicating that actual test accuracy varies between the included studies, or that there is heterogeneity in test accuracy. Univariate tests for heterogeneity in sensitivity and specificity and the estimates of the I 2 statistic are not routinely used in Cochrane DTA reviews, as they do not account for heterogeneity explained by phenomena such as positivity threshold effect (Whiting et al. 2011 ). However, this meta-analysis was conducted with the criteria for performing a rigorous systematic review planned a priori according to a prospective protocol and using PRISMA statement guidelines (Rosa et al. 2014 , Whiting et al. 2011 . We adhered to the most recent guidelines for conducting diagnostic reviews, as describe in the Cochrane Diagnostic Reviewers ' Handbook (Reitsma et al. 2005) . We used an extensive search strategy without a methodological filter and not use any language restriction. There were quite a few discrepancies in the phase of abstract selection and the agreement on some items of QUADAS-2.
In conclusion, our systematic review shows that although mesothelin cannot serve alone as a marker for the detection of ovarian cancer, it might be used in combination with CA 125 and/or HE4 to achieve greater sensitivity.
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RESUMO
O objetivo deste trabalho foi avaliar a acurácia da mesotelina como um biomarcador para o câncer de ovário. Realizou-se uma revisão sistemática quantitativa. Uma pesquisa global nas bases de dados Medline, LILACS, SCOPUS, Embase, Cochrane Central Register of Controlled Trials, Biomed Central, e ISI Web of Science foi realizada de janeiro de 1990 a junho de 2015. Para a inclusão nesta revisão sistemática, os estudos deveriam ter mensurado os níveis mesotelina em pelo menos dois diagnósticos histológicos; câncer de ovário (câncer de ovário ou limítrofe) vs. tumores de ovário benignos ou normais. Para cada estudo foram construídas tabelas de contingência 2 x 2. Calculou-se a sensibilidade, especificidade e odds ratio diagnóstica globais. A qualidade dos estudos foi realizado de acordo com o QUADAS-2. A análise estatística foi realizada com o software Stata 11, Meta-DiSc® e RevMan 5.2. Doze estudos foram realizados incluindo 1.561 mulheres. A sensibilidade agrupada foi de 0,62 (IC 95% 0,58-0,66) e a especificidade foi de 0,94 (IC 95% 0,92-0,95). A DOR foi 38,92 (IC 95% 17, (82) (83) (84) 99) . Nossa revisão sistemática mostrou que a mesotelina não pode servir como um biomarcador isolado para o câncer de ovário.
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